Monte Carlo simulation of metal deposition on foreign substrates by Gimenez, M. Cecilia et al.
ar
X
iv
:0
80
3.
36
48
v1
  [
co
nd
-m
at.
sta
t-m
ec
h]
  2
5 M
ar 
20
08 Monte Carlo simulation of metal deposition
on foreign substrates.
M.C. Giménez
∗
, A. J. Ramirez-Pastor
Laboratorio de Cienias de Superies y Medios Porosos,
Departamento de Físia,
Faultad de Cienias Físio-Matemátias y Naturales,
Universidad Naional de San Luis, CONICET,
Chaabuo 917, 5700, San Luis, Argentina
E. P. M. Leiva
Unidad de Matemátia y Físia, Faultad de Cienias Químias,
Universidad Naional de Córdoba, 5000
Córdoba, Argentina
Deember 1, 2018
∗
Corrresponding author: M.C. Giménez, e-mail: eigimeunsl.edu.ar
1
Abstrat
The deposition of a metal on a foreign substrate is studied by means
of grand anonial Monte Carlo simulations and a lattie-gas model
with pair potential interations between nearest neighbors. The inu-
ene of temperature and surfae defets on adsorption isotherms and
dierential heat of adsorption is onsidered. The general trends an
be explained in terms of the relative interations between adsorbate
atoms and substrate atoms. The systems Ag/Au(100), Ag/Pt(100),
Au/Ag(100) and Pt/Ag(100) are analyzed as examples.
Keywords: metal deposition, lattie-gas model, Monte Carlo simu-
lation.
1 Introdution
The study of the adsorption of partiles on surfaes is important from the
point of view of surfae siene and due to its potential appliations in nan-
otehnology and atalysis.
From the eletrohemial point of view, it is of great interest to study the
eletrodeposition of a metal onto a single rystalline surfae of a foreign metal
[1, 2, 3, 4℄. When this ours at potentials more positive than those predited
from the Nernst equation, the proess is denominated underpotential depo-
sition (UPD) [1, 3, 5, 6, 7℄. This an be intuitively understood onsidering
that, in general, UPD is observed when for the adsorbate it is more favorable
to be deposited on the onsidered substrate than on a surfae of its same
nature. When the opposite ours, the observation of another phenomenon
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alled overpotential deposition (OPD) is expeted , whih implies that the
adsorption of the adsorbate on the foreign substrate is less favorable than
that predited by the Nernst equation.
It is lear that a omplete analysis of the UPD phenomenon is a quite
diult subjet beause of the omplexity of the involved systems. For this
reason, the understanding of simple models with inreasing omplexity might
be a help and a guide to establish a general framework for the study of
this kind of systems. Pioneering work using Monte Carlo simulations to
study underpotential multisite adsorption has been undertaken by Van Der
Eerden et al. [8℄.In this ontext, the present work tries to ontribute to
the omprehension of some essential harateristis of the metal deposition
by means of a very simple model. For this purpose, we present simulations
of metal adsorption on metal surfaes, employing a lattie-gas model with
pair potential interations haraterized by a few parameters. Depending on
the partiular values assigned to the parameters, we an represent dierent
metals involved. As illustrative examples we have simulated the following
systems: Ag/Au(100) (that means: adsorption of silver atoms on gold (100)
surfaes), Ag/P t(100), Au/Ag(100) and Pt/Ag(100).
In previous works [9, 10℄ we have used a more ompliated model for
the alulation of energies, employing the embedded atom method, whih
is more appropriate for metals in the sense that takes into aount many-
body interations. The ost of introduing this preursor model is the lak
of some experimental features presented by real systems. However, there are
important physial motivations to pay this ost: a) this ontribution allows
to identify and haraterize the most prominent features of this partiular
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proess; b) the study oers a general theoretial framework in whih this
kind of proess an be studied and ) the onlusions obtained are interesting.
The outline of the paper is as follows: In Setion 2 we desribe the lattie-gas
model along with the simulation sheme. In Setion 3 we present the results.
Finally, the general onlusions are given in Setion 4.
2 Model and simulation method
2.1 Lattie model
Lattie models for omputer simulations are of widespread use in studies of
adsorption on surfaes, beause they allow dealing with a large number of
partiles at a relatively low omputational ost [11℄.
If the rystallographi mist between the involved atoms is not important,
it is a good approximation to assume that the adatoms adsorb on dened
disrete sites on the surfae, given by the positions of the substrate atoms.
This is the ase of the very well studied system Ag/Au(100) [12, 13, 14, 15℄.
Square latties with periodial boundary onditions are used in the present
work to represent the surfae of the eletrode. Eah lattie point represents
an adsorption site for an adsorbate or a substrate atom. The former may
adsorb or desorb on eah randomly seleted site, while the latter may only
move on the surfae jumping from the seleted site to a neighboring one. In
this way, our model orresponds to an open system for one of its omponents,
that is, the adsorbate. This has physial orrespondene with the setup of
the eletrohemial experiment, where only the metal in equilibrium with
4
its ations in solution may dissolve or be deposited in the potential range
onsidered.
Conerning the adatoms of the same kind of the substrate, some onsider-
ations must be made regarding the existene of surfae defets. These atoms
may in priniple move freely on the surfae and minimize the free energy
of the system by a number of mehanisms. For example, isolated substrate
atoms may heal defets through their inorporation to a defetive luster, or
small substrate islands may dissolve to join large ones, like shown in previous
simulation work by Stimming and Shmikler [16℄. Thus, dierent substrate
strutures an be imposed as initial onditions for eah simulation. In the
present ase, we employ islands of substrate atoms on the surfae obtained
by means of simulated annealing tehniques [9℄. This was undertaken in or-
der to emulate some of the defets that an be found on a real single rystal
surfaes, like kink sites, steps, et.
On purely energeti grounds, metal eletrodeposition on lean metal sur-
faes with islands should take plae aording to the following sequene:
i)Deoration of the lower part of island edges. This is so beause the
binding energy is the lower(more negative), the higher the oordination of
the site where a metal atom beomes adsorbed.
ii)Deposition on the rest of the at surfae around the islands.
iii)Some nuleation should our at the top of the islands. This requires
a more negative potential than that for island deoration(i) or at surfae
lling(ii) beause the border of the growing nulei makes them less stable
than a growing monolayer (nuleation overpotential)
iv)The border of the islands at the top should be nally deorated. These
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sites are partiularly unstable due to their low oordination.
In the present work we are mainly interested in island deoration and
the possible mixing between island atoms and depositing atoms following
immediately after this deoration. This involves steps i) and ii) desribed
above. Steps iii) and iv) ould be of ourse simulated but this will not be
onsidered in the present work.
2.2 Energy alulations
The energy E of the system is related with the lassial lattie-gas model
with pair potential interations between nearest neighbors:
E =
∑
α
(ǫ1δcα,1+ǫ2δcα,2)+
∑
〈α,β〉
[
J11δcα,1δcβ ,1 + J22δcα,2δcβ ,2 + J12(δcα,1δcβ ,2 + δcα,2δcβ ,1)
]
(1)
where the symbol δ represents the Kroneker delta and cα indiates the o-
upation number of the α site [orresponding to a pair of (x, y) oordinates℄.
Unlike the lassial lattie-gas model, the oupation number may assume
three dierent values: 0, 1 or 2, if the orresponding site is empty, oupied
by an atom of the same kind of the substrate or oupied by an adsorbate
atom, respetively. The notation 〈α, β〉 implies a sum taking aount of all
pairs of nearest neighbors. ǫi is the adsorption energy of a partile of type i
and Jij are the pairwise interations between nearest neighbors.
The values of the parameters onsidered here for the dierent systems are
summarized in table 1. These values were obtained aording to alulations
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employing the embedded atom model [17, 9, 10℄. In a previous work [10℄, we
have alulated the adsorption energies orresponding to the dierent envi-
ronments of the adsorption site, taking into aount rst, seond and third
neighbors. Some of the possible ongurations were ilustrated in Fig. 1 and
orresponding energies were indiated in table 1 of referene [10℄. The values
employed in the present work for ǫi were based on the adsorption energies
orresponding to onguration 1 (that is, adsorption on a site without neigh-
bors). The values employed for the parameters Jij were based on the others
ongurations (2, 3, et., whih orrespond to dierent oupation of neigh-
boring sites) assuming pair potential interations between nearest neighbors
and taking an average value.
2.3 Grand Canonial Monte Carlo
Square latties of M = L × L adsorption sites with periodial boundary
onditions are used here to represent the surfae (in this ase, L = 100). In
the ase of adsorption isotherms on lean surfaes, the initial state onsists of
2000 adsorbate atoms distributed at random (that makes a overage degree
of 0.2). For the ase of adsorption in the presene of surfae defets, the
initial state is haraterized by Nd = 1000 atoms of the same nature as that
of the substrate forming islands previously generated by simulated annealing
[9, 10℄, and 2000 adsorbate atoms distributed at random. The islands of
substrate atoms are useful to emulate surfae defets like kink and step sites.
The simulation onsists in the realization of a ertain number of Monte
Carlo Steps (MCS) in order to equilibrate the system and then another set
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of MCS evaluation, from time to time, the thermodynami quantities of
interest (like energy of the system or overage degree) in order to obtain the
average value. This is performed for xed values of temperature and hemial
potential (Grand Canonial ensemble).
Eah MCS implies the realization of M trials. Eah trial onsists on the
random seletion of one lattie site, with the realization of one of the three
following proesses:
a) If the site is empty (oupation 0), the reation of an adsorbate atom
is attempted (yielding oupation 2).
b) If the site is oupied by an adsorbate atom (oupation 2), its desorp-
tion is attempted (oupation 0).
) If the site is oupied by a substrate atom (oupation 1) a nearest
neighbor site is seleted at random. If this new site is empty, a move
to this position is tried.
In the three ases, the hange is aepted with probability:
P = min{1, exp[−∆E − µ∆Na
kBT
]} (2)
where ∆E (∆Na) represents the dierene between the energies (number
of adsorbed partiles) of the nal and initial states, kB is the Boltzmann
onstant, T is the temperature and µ is the hemial potential. Note that
the value of ∆Na is +1 in ase a), −1 in ase b) and 0 in ase c).
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The algorithm desribed above has some dierenes with the algorithm
employed in Refs. [9, 10℄. In the present ase, only the substrate atoms
an move between adjaent sites, although this possibility is indiretly on-
templated for adsorbate atoms in the ase of desorption from one site and
adsorption in a neighboring site. This dierene is not essential, the main
target was to save omputational time.
2.4 Some denitions
2.4.1 Coverage degree
The overage degree, θ(µ), whih is dened as the number of sites oupied by
an adsorbate atom divided by the number of available sites (all adsorption
sites that are not oupied by a substrate atom), is obtained as a simple
average:
θ(µ) =
1
M −Nd
∑
α
〈δcα,2〉 =
〈Na〉
M −Nd (3)
where 〈Na〉 is the mean number of adsorbate atoms on the surfae and 〈· · ·〉
denotes the time average over the Monte Carlo simulation runs.
In the ase of adsorption in the presene of surfae defets, that is, when
some substrate islands are present, we also dene some partial overages, like
the overage degree of steps sites, θs, and the overage degree of kink sites,
θk:
θs =
〈Ns,o〉
〈Ns,t〉 (4)
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θk =
〈Nk,o〉
〈Nk,t〉 (5)
where 〈Ns,t〉 ( 〈Nk,t〉 ) is the average number of step (kink) sites on the surfae
and 〈Ns,o〉 ( 〈Nk,o〉 ) is the average number of step (kink) sites oupied by
an adsorbate atom.
2.4.2 Dierential heat
We alulate the dierential heat of adsorption, dened as [18℄:
qd = − ∂〈E〉
∂〈Na〉 (6)
where 〈E〉 is the mean energy of the adlayer.
The physial interpretation of this quantity is the energy assoiated with
removing a partile from the surfae at eah moment.
In the ase of omputer simulations, the most appropriate way of per-
forming the alulation of this value is by means of averaged quantities. We
employ the following formulation [11, 19℄:
qd = −〈ENa〉 − 〈E〉〈Na〉〈N 2a 〉 − 〈Na〉2
(7)
2.4.3 Quantiation of island disintegration
As disussed below, for some systems the substrate islands are found to
disintegrate upon adatom deposition. In order to quantify this phenomenon,
we dene some (normalized) quantities haraterizing the disintegration of
substrate islands present on the surfae when the adsorbate partiles adsorb,
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as follows:
• Fration number of 1− 0 pairs:
NP1−0 =
∑
<α,β> δ(1, cβ)× δ(0, cα)
cNd
(8)
where the sum yields the number of adjaent substrate atom-empty
site pairs. c is the lattie onnetivity (in this ase c = 4).
• Fration number of 1− 2 pairs:
NP1−2 =
∑
<α,β> δ(1, cβ)× δ(2, cα)
cNd
(9)
where the sum yields the number of adjaent substrate-adsorbate pairs.
• Total number of 1−X pairs, with X = 0, 2, that we dene from:
NPT = NP1−0 +NP1−2 (10)
whih orresponds to the fration of sites surrounding substrate atoms
that are not oupied by partiles of the same kind (type 1). The re-
sulting quantity, further on alled "fration of island disintegration", is
given by the number of substrate atoms/adsorbate atoms and substrate
atoms/empty sites pairs.
The maximum value of NPT will be reahed in the ase where the islands
are ompletely disintegrated, that is, when there is a minimum of neighboring
substrate-substrate pairs. In priniple, the upper value of NPT ould be
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1, in the ase where no substrate-substrate pairs our at the maximum
overage by the adsorbate. However, if we only take into aount statistial
onsiderations, it is to be expeted that the probability of nding a neighbor
of the same speies (1) should be given by the fration Nd/M , whih in
the present simulation is xed to the value equal to 0.1. In other words,
it is expeted that in the limit of high temperatures where entropi eets
prevail, and for large θ, we should get that NPT −→ 0.9.
For a given distribution of well equilibrated substrate islands, the mini-
mum value of NPT will be given by the fration of pairs involving atoms that
belong to the edge of the island at beginning of the simulation. If the islands
do not disintegrate at all, remaining intat, NPT should remain the same
all over the simulation. On the other hand, if the islands disintegrate, NPT
should reet the inreasing onnetivity of the substrate atoms to sites of a
diferent kind.
3 Results and disussion
3.1 Adsorption on lean surfaes
Adsorption isotherms were simulated for the systems Ag/Au(100),Ag/P t(100),
Au/Ag(100) and Pt/Ag(100). The orresponding urves are plotted in the
upper part of Figs. 1 and 2 (a) and b)), for dierent temperatures. It an be
seen that at low temperatures the isotherms show an abrupt jump, typial
of rst order phase transitions. As the temperature inreases, the isotherms
beome smoother, speially for the rst two systems.
12
The present model is analogous to the Ising model in the sense that lateral
interation between adsorbing partiles is onsidered as a pair-potential and
only between nearest neighbors. It is well known that in this ase the ritial
temperature for θ = 0.5 an be estimated as [20℄:
TC =
J
2kBln(
√
2− 1) (11)
where J is the lateral interation between adsorbing partiles.
Taking into aount the values of J22 employed here (see table 1), the
estimated ritial temperatures are: TC = 1843K for the system Ag/Au(100);
TC = 1382K for Ag/P t(100); TC = 3028K for Au/Ag(100) and TC = 3950K
for Pt/Ag(100). This is in agreement with the appreiation of the isotherms
in Figs. 1 and 2, where it an be seen that the ritial temperature must
be between 1000K and 2000K for the systems Ag/Au(100) and Ag/P t(100),
lose to 3000K for Au/Ag(100) and above 3000K for Pt/Ag(100).
The hemial potential at whih the isotherms of gure 1 and 2 present
the step, say µS, provides a measure for the anity of the adsorbate for the
substrate. This quantity an be substrated from the orresponding binding
energy of the adsorbate, and ompared with the so-alled underpotential shift
∆φupd, whih was rst dened by Kolb et al. [1℄ as the potential dierene
between the desorption peak of a monolayer of a metalM adsorbed on a for-
eign substrate S and the urrent peak orresponding to the dissolution of the
bulk metal M . The magnitude of ∆φupd is a measure of the anity of the
adsorbate for the substrate, as ompared with the anity of the adsorbate
with itself, and an be written in terms of the hemial potential per parti-
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le of the atom adsorbed on a foreign substrate, µ[(S)M ],and the hemial
potential of the same speies in the bulk µ[(M)M ], aording to[21℄:
∆φupd =
1
ze0
(µ[(M)M ]− µ[(S)M ]) (12)
In the present model, µ[(M)M ] an be replaed by the ohesive energy of
the adsorbate, Ecoh2 , and µ[(S)M ] may be in turn substituted by the hemial
potential at whih the isotherm presents the step µS, sine this hemial
potential orrespond to the ourrene of the adsorbate phase.
∆φTupd(1x1) =
1
ze0
(Ecoh2 − µS]) (13)
where we have introdued the supersript T to denote that this is a the-
oretial predition for the (1x1) adsorbate struture . On the other hand,
the experimental estimation of the underpotential shift ∆φexpupd an be made
from:
∆φexpupd(1x1) = φ(1x1)− φNernst (14)
where φ(1x1) denotes the potential at whih the (1x1) adsorbate phase ap-
pears, and φNernst is the reversible deposition potential for the eletrolyte
solution employed. The Ag/Au(100) system has been onsidered by dif-
ferent groups[12, 14, 22℄. Ikemiya et al reported φNernst = −58 mV and
φ(1x1) ≈ 180mV vs Hg/Hg2SO4 for this sytem, thus yielding∆φexpupd(1x1) ≈
238 mV . In the ase of the Ag/Pt(100)system, Aberdam et al.[23℄ reported
that the peak for the deposition of the rst monolayer of Ag was loated 0.48
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V more positive than the Nernst reversible potential, so that we take this
value for ∆φexpupd(1x1). We show in Table II these experimental values along
with the present theoretial estimations and those of our previous work using
the more aurate embedded atom method potentials. It an be appreiated
that the pair potential approximation performs almost as well as the more
sophistiated many body one. There is no evidene in the literature for un-
derpotential deposition of Au on Ag(100) or for Pt underpotential deposition
on Ag(100). A related system, Pt deposition on Au(100) has been measured
by Waibel et al.[24℄, with the nding that Pt deposition takes plae at over-
potentials. Sine the ohesive energy of Au is larger than that of Ag, it is
expeted that if Pt upd is not found on Au(100), it will be even less probable
on Ag(100).
The lower parts of Figs. 1 and 2 (parts c) and d)) show the dierential
adsorption heats. The qualitative form of the urves of qd vs. µ is similar to
the adsorption isotherms (θ vs. µ). The observed values of qd are in agree-
ment with the estimation of qd ≈ −ǫ2 at very low overages (orresponding to
the adsorption of partiles in sites without neighbors) and qd ≈ −ǫ2−4×J22
at high overages (orresponding to the adsorption of partiles in sites sur-
rounded by four nearest neighbors of the same kind).
3.2 Adsorption in the presene of substrate islands
Figs. 3 and 5 show the adsorption isotherms for two of the four studied
systems in the presene of surfae defets (substrate atoms present in the
monolayer forming islands). In the gures, the isotherms for the omplete
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monolayer are plotted together with the isotherms of steps and kink sites for
three dierent temperatures [parts a), b) and c)℄, as well as the dierential
adsorption heats for the three temperatures [part d)℄.
It an be seen that for Ag/P t(100) (Fig. 3) and Ag/Au(100) (not shown),
the kink sites are oupied rst, then the step sites and nally the omplete
monolayer. For the other two systems, at T = 300K, there is no dierentia-
tion between the dierent kind of sites, but at greater temperatures a small
dierene arises (see parts a)− c) of Fig. 5 for the system Au/Ag(100), the
system Pt/Ag(100) is not shown, but the results are very similar).
Analyzing the behavior of the dierential heat of adsorption [part d)℄, it
an be seen that for the rst two systems (see Fig. 3 for Ag/P t(100)), at
low temperatures, there are four dierentiated stages, before the adsorption
of the omplete monolayer (last part). The rst stage with qd ≈ −(ǫ2+2J12)
(lling of substrate kink sites); the seond one with qd ≈ −(ǫ2 + J12 + J22)
(lling of step sites besides to another adsorbate partile); the third one with
qd ≈ −(ǫ2 + 2J22) (lling of an adsorbate kink site, that is, adsorption on
terrae sites next to two adsorbate partiles during monolayer growth) and
the fourth one with qd ≈ −(ǫ2 + 4J22) (monolayer ompletion). All these
stages are illustrated in Fig. 4. These estimations are losest to the results
of the simulations for the system Ag/P t(100).
For the other two systems (see Fig. 5 for Au/Ag(100)) there are at rst
sight only two more or less well dened stages: before and after monolayer
ompletion. In the rst part, where only a few adsorbate partiles ome into
the system, the dierential heat an be written as qd ≈ −[ǫ2 +4(J12− J11) +
2J11]. This value orresponds to the replaement of a substrate partile by
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an adsorbate partile in the middle of an island and the positioning of the
former at the edge of the island. The interpretation of the value of qd is not
straightforward for monolayer ompletion.
Fig. 6 shows the nal state of a portion of the simulation ell at three
dierent hemial potentials for the system Ag/Au(100) in the presene of
defets at two dierent temperatures. At T = 300K, the islands remain
almost unhanged upon adsorbate deposition and the sites are lled follow-
ing the order: 1) kinks; 2) steps; 3) terraes. At T = 1000K, the general
tendeny remains but the islands show a ertain disintegration. The same
behavior is found for the system Ag/P t(100) (not shown).
On the other hand, in the ase of the system Au/Ag(100) at T = 300K
(upper part of Fig. 7), the islands do not hange their shape signiantly
but some adsorbate atoms penetrate inside them. At T = 1000K (lower part
of Fig. 7) the islands disintegrate ompletely. The same general behavior is
found for the system Pt/Ag(100) (not shown).
Figs. 8 and 9 show the adsorption isotherms and the fration of island
disintegration (haraterized by the value NPT , dened in equation 10) in
the presene of substrate islands at three dierent temperatures for two of
the onsidered systems.
In the ase of the system Ag/Au(100) (Fig. 8), it an be veried that,
at low temperatures, the islands remain unhanged, sine the value of NPT
is onstant along the whole isotherm. As expeted, the value of NP1−0
dereases and the value of NP1−2 inreases as the adsorbate atoms over the
edges of the islands. At higher temperatures, the value ofNPT inreases when
the adsorbate atoms enter. That means that both atom lasses mix with
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eah other, that is, the substrate islands disintegrate. At an intermediate
temperature (T = 1000K) the value of NPT presents a maximum lose to
the ritial hemial potential due to the greater mobility of the atoms in
that situation.
For the system Ag/P t(100) (not shown) the general trend is very similar
to the previous ase.
The adsorption isotherms for the systems Au/Ag(100) (not shown) and
Pt/Ag(100) at dierent temperatures (Fig. 9a) show that, as the tempera-
ture inreases, the jump in overage moves towards more negative hemial
potentials. Considering the fration of island disintegration, an important
dierene with respet to the other systems onsists in that even at low tem-
peratures the islands start to disintegrate when the adatoms are deposited
(Fig. 9b). This is evident in the inrease of the quantity NPT . Another
important detail to be emphasized is that for high temperatures island dis-
integration is onsiderable, even for low adsorbate overages (Fig. 9d). As
antiipated in setion 2.4.3, it an be observed in Figs. 8d and 9d that for
all systems NPT −→ 0.9 in the limit of high temperatures and adsorbate
overage degrees.
The general piture that we get from the present results is that as long
as the susbtrate has a binding energy that is onsiderably larger than that
of the adsorbate, the islands of the former remain relatively unaltered upon
adsorbate formation. As the binding energy of the substrate approahes
that of the adsorbate or beomes smaller, the islands beome unstable and
disintegrate relatively easily. The study of Pd (Ecoh = −3.91 eV) deposition
on Au (100)(Ecoh = −3.93 eV)shows in fat the formation of a surfae alloy in
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the underpotential region[25℄. The study of Pt (Ecoh = −5.77 eV) deposition
on Au(100) shows some remarkable features. Although surfae alloying was
not reported for this system[24℄, the Pt deposit exhibit irregular shapes and
reent moleular dynami simulations point towards the existene of a surfae
alloy[26℄.
4 Conlusions
In the present paper we revisit sytems previously simulated in Refs. [9, 10℄
with a dierent model for the metal-metal interations. Instead of the om-
putationally demanding many-body potentials employed there, we use here
attrative pairwise aditive potential interations between nearest neighbors
with only a minimal set of parameters. While the main results remain quali-
tatively similar, the present modelling is onsiderably simple and workable in
the framework of the pairwise additive potential lattie model. It also saves
onsiderable omputational time. Furthermore, we have onsidered here the
inuene of the temperature and some new quantities, like dierential heat
and fration of island disintegration, that helped us in the understanding of
the simulations.
The present formulation shows that the main harateristis to be taken
into aount is the strenght of the interations between adsorbate atoms as
ompared with the interation between substrate atoms. In this sense, we
an divide the four systems studied as examples into two groups. The rst
group is integrated by the systems Ag/Au(100) and Ag/P t(100). In these
ases the interations between adsorbate atoms is weaker than the interation
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between substrate atoms (i.e.,|J22| < |J11|). The seond group is integrated
by the systems Au/Ag(100) and Pt/Ag(100), where the interations between
adsorbate atoms is stronger than the interation between substrate atoms
(i.e., |J22| > |J11|).
For defet-free surfaes, the adsorption isotherms show an abrupt jump
at low temperatures and beome smoother at high temperatures. This is
indiative of the existene of a rst order phase transition and a ritial
temperature related with the interation between adsorbate atoms.
The adsorption in the presene of islands of the same nature as that of
the substrate on the surfae was also studied.
For systems in whih the interation between adsorbate partiles is weaker
than the interation between substrate partiles (Ag/Au(100) and Ag/P t(100)),
the substrate islands remain relatively unhanged at low temperatures and
show a ertain degree of mobility at high temperatures. For systems in whih
the interation between adsorbate partiles is stronger than the interation
between substrate partiles (Au/Ag(100) and Pt/Ag(100)), the adsorbate
atoms penetrate into the islands at low temperatures and the islands are
ompletely disintegrated at high temperatures.
The simpliity of the present formulation will allow the analysis of prob-
lem at hand in terms of a few parameters than an be systematially varied.
In other words, instead of system-oriented simulations, studies with these
ontrol parameters an be performed, with the onsequent gain of generality.
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6 Figure Captions
Figure 01 a) Adsorption isotherms at dierent temperatures for the system
Ag/Au(100). b) Adsorption isotherms at dierent temperatures for the sys-
tem Ag/P t(100). c) Dierential heats for the adsorption isotherms of the
system Ag/Au(100). d) Dierential heats for the adsorption isotherms of the
system Ag/P t(100).
Figure 02 a) Adsorption isotherms at dierent temperatures for the
system Au/Ag(100). b) Adsorption isotherms at dierent temperatures for
the system Pt/Ag(100). c) Dierential heats for the adsorption isotherms of
the system Au/Ag(100). d) Dierential heats for the adsorption isotherms
of the system Pt/Ag(100).
Figure 03 a)−c) Adsorption isotherms in the presene of surfae defets
for the omplete monolayer, the step sites and the kink sites at three dierent
temperatures for the system Ag/P t(100). d): dierential heat of adsorption
at the three temperatures for the same system.
Figure 04 Shemati representation of the top view of four environment
types lose to the adatom adsorption site. a): substrate kink site. b): sub-
strate step site, next to another adsorbate partile. c): adsorbate kink site.
d): hollow site (upon monolayer ompletion). Filled irles denote substrate
atoms. Empty irles represent adsorbate atoms. The empty dashed irle
denotes the adsorption site under onsideration. The underlying substrate
atoms are not shown.
Figure 05 a)− c)Adsorption isotherms in the presene of surfae defets
for the omplete monolayer, the step sites and the kink sites at three dierent
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temperatures for the system Au/Ag(100). d): dierential heat of adsorption
at the three temperatures for the same system.
Figure 06 Snapshots showing the nal state of the surfae at dierent
hemial potentials for the system Ag/Au(100) in the presene of surfae
defets at T = 300K and T = 1000K. Filled irles represent gold atoms
while non-lled ones represent silver atoms.
Figure 07 Snapshots showing the nal state of the surfae at dierent
hemial potentials for the system Au/Ag(100) in the presene of surfae
defets at T = 300K and T = 1000K. Filled irles represent silver atoms
while non-lled ones represent gold atoms.
Figure 08 . a)Adsorption isotherms in the presene of surfae defets
for the omplete monolayer at three dierent temperatures for the system
Ag/Au(100). b)− d) Fration number of pairs (NP1−0, NP1−2 and NPT ) at
the same temperatures.
Figure 09 a): Adsorption isotherms in the presene of surfae defets
for the omplete monolayer at three dierent temperatures for the system
Pt/Ag(100). b)− d) Fration number of pairs (NP1−0, NP1−2 and NPT ) at
the same temperatures.
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7 Tables
System ǫ1 ǫ2 J11 J22 J12
Ag/Au(100) −3.05 −2.58 −0.54 −0.28 −0.42
Ag/P t(100) −4.34 −3.13 −0.83 −0.21 −0.56
Au/Ag(100) −2.39 −3.11 −0.25 −0.46 −0.36
Pt/Ag(100) −2.30 −4.22 −0.17 −0.60 −0.41
Table 1: Parameters representing the adsorption energies and the inter-
ation energies (in eV units) employed here for the onsidered systems.
System ∆φTupd(1x1) / V ∆φ
T
upd(1x1), EAM / V ∆φ
exp
upd(1x1) / V
Ag/Au(100) 0.23 0.17 0.24a
Ag/P t(100) 0.67 0.55 0.48b
Au/Ag(100) 0.04 -0.08 < 0?c
Pt/Ag(100) -0.44 -0.53 < 0?c
Table 2: Calulated and experimental underpotential shifts for the sys-
tems onsidered in the present work. ∆φTupd(1x1) denote results of this
work, ∆φTupd(1x1) / EAM are results from previous simulations using the
many-body potential from the embedded atom method[17℄, ∆φexpupd(1x1) are
experimental estimations taken from the literature.∆φTupd(1x1) values were
alulated using equation (13), with Ecoh2 = 2.85, -3.93 and -5.77 eV for Ag,
Au and Pt respetively.
a)taken from referene [22℄, b)Taken from referene [23℄ )no upd has
been reported in the literature for these systems so far.
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